The crystal structures of the condensed bromocadmate anions with chains built of [CdBr 3 ] were determined by X-ray structure analysis at 300 K. In addition, the temperature dependence of the Br NQR frequencies was observed. The structure of (3) is identical to the one reported by Daoud, Perret, and Dusausoy, Acta Crystallogr., B35, 2718 (1979). Three 81 Br NQR lines are observed at temperatures between 77 and 243 K.
Introduction
In recent studies of complex salts with bromocadmate anions by X-ray diffraction and 79 81 Br NQR, a variety of polymer anionic structures [ 1 -6] and an isolated [CdBr 4 ] 2_ tetrahedron [7, 8] 4 ]CdBr 3 complexes [3] , We determined the crystal structures and observed Br NQR of the compounds with the one-dimensional anion chains.
Experimental
[(/-C 4 H 9 NH 3 )CdBr 3 ] 2 -H 2 0 (1) was prepared by the following two methods: (a) 0.2 mol of r-butylammonium bromide was added to an H 2 0 solution with 0.1 mol of CdBr 2 -4H 2 0. The water solvent was evaporated by P 2 0 5 in a dessicator at room temperature. Colorless needles crystallized from the solution, (b) 0.1 mol of r-butylammonium bromide was added to an H 2 0 solution with 0.1 mol of CdBr 2 -4H 2 0. The water solvent was evaporated by heating the solution at about 70°C. Colorless needles crystallized when the hot concentrated solution was cooled down to room temperature. (I-C 3 H 7 NH 3 ) CdBr 3 (2) was prepared by the following method: 0.1 mol of i-propylammonium bromide was added to an H 2 0 solution with 0.1 mol of CdBr 2 -4H 2 0. The water solvent was evaporated by P 2 0 5 in a dessicator or by heating. Colorless needles were obtained from the solution. [(CH 3 ) 3 NH] 3 Cd 2 Br 7 (3) was prepared by the following method: 0.3 mol of trimethylammonium bromide was added to a hydrobromic acid solution of 0.2 mol of CdBr 2 . Excess of HBr is necessary to obtain (3). The solvent was removed by P 2 O S in a dessicator and colorless prisms were obtained.
The structures were determined using four circle Xray diffractometers, Stoe-Stadi-4 for (1) and (2), and Enraf Nonius CAD4 for (3) . From the measured intensities corrected for Lorentz-polarization and absorption ef-0932-0784 / 99 / 1000-0628 $ 06.00 © Verlag der Zeitschrift für Naturforschung. Tübingen • www.znaturforsch.com 
Results and Discussion

Crystal Structures
r-Butylammonium tibromocadmate(II)-l/2 water (1) is monoclinic with C2 h -P2/c at 300 K; the lattice constants and the experimental conditions are presented in Table 1 [12] . Table 2 gives the positional coordinates and equivalent isotropic displacement parameters. Intramolecular bond distances and angles in the anions are given in Table 3 . In Fig. 1 , a formula unit is drawn with numbering of atoms and thermal ellipsoids. Two Cd atoms, six Br atoms, two f-butylammonium ions, and two water molecules with half an occupancy exist as crystallographically inequivalent units in the unit cell. 3 Cd 2 Br 7 (3). £/«, is defined as one third of the trace of the orthogonalized tensor t/jj. The hydrogen atoms have been determined in the leastsquares refinements of the structures by fixing the bond lengths of X-H and bond angles in which atoms are involved. The atomic coordinate of hydrogen atoms are given in [12] . #4 , as shown in Table 4 . All Br atoms are connected to cations or water molecules through hydrogen bonds as shown in Figure 2 .
B) (/-C 3 H 7 NH 3 )CdBr 3 (2) z-Propylammonium tribromocadmate(II) is orthorhombic D^-Pbca at 300 K; the lattice constants etc. are shown in Table 1 [12] , Table 2 gives the positional coordinates and equivalent isotropic displacement parameters. Intramolecular bond distances and angles in anions are given in Table 3 . In Fig. 3 , a formula unit is drawn The crystal structure of m's-trimethylammonium heptabromodicadmate(II) has been reported by Daoud et al. [13] . Our results are similar to the former ones. (3) is hex- (14) 151 (2) C (13) (2) 107.8 (9) Hydrogen bond 
116 (2) 107 (1) 110 (2) Hydrogen bond 
Br(3)
Br (2) agonal Q3 V -P6 3 mc at 299 K; the lattice constants etc. are listed in Table 1 . The atomic coordinates and the isotropic displacement parameters are listed in Table 2 . The intramolecular bond distances and angles of anions are given in Table 3 . In Fig. 5 , the formula unit is drawn with the numbering of atoms and the thermal ellipsoids. The bond distances of Cd-Br bonds in the tetrahedral ion, d(Cd(2)-Br(3)) = 257.0 and d(Cd(2)-Br(2)) = 264.6 pm, disagree with the corresponding distances, 267.1 and 255.6 pm, reported in [13] . Figure 6 shows the projection of the unit cell along 
Nuclear Quadrupole Resonance (NQR) and Phase Transitions
The NQR frequencies of the title compounds at several temperatures are listed in Figure 7 . Six NQR lines were observed at 77 K. Two highfrequency NQR lines are assigned to two terminal Br atoms and the other four lines to the bridged atoms. Two high-frequency lines disappear at about 286 K with increasing temperature. The disappearance of these two lines is probably due to the fluctuation of the electric field gradient at the Br atoms by cationic motion. The other four lines disappear with increasing temperature at about 333 K. There is a large heat anomaly at 335 K in the DTA curve on heating, which suggests probable dehydration. The disappearance of these four lines around 333 K can be ascribed to dehydration.
The temperature dependence of 8 'Br NQR frequencies of (/-C 3 H 7 NH 3 )CdBr 3 (2) is shown in Figure 8 . Three NQR lines are observed at 77 K and disappear at 193 K with increasing temperature. In the DTA curve there is an anomaly at 224 K on heating. The disappearance of NQR lines far below the transition point is due to cationic motion. This motion probably affects the Figure 9 . Three NQR lines are observed at 77 K with intensity ratio of 3:1:3 in decreasing frequency order. This intensity ratio is in agreement with the results of our structure determination. From the relation between the bond distances and NQR frequencies, the highest-frequency line can be assigned to three Br atoms with a shorter 
Conclusion
The bromocadmate(II) complex with the composition of [CdBr 3 ] has a pronounced tendency to form chain structures. [(CH 3 ) 3 NH]CdBr 3 at room temperature was reported to have triple Br bridged chain [14] . This tendency is not observed for Zn halide complexes. The reason of this property shown by halogenocadmate complexes is partly due to the atomic radius and the possible deformation of outer shell orbitals.
